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ABSTRACT  
 
Saccharomyces boulardii viable cells have probiotic action. This study aimed to evaluate the 
effect of aeration on the production of S. boulardii viable cells in liquid cultivation medium 
with different initial glucose concentrations. Yeast has grown on yeast extract peptone 
dextrose medium with or without aeration (2 Lar min-1 to obtain 30 ± 1% of oxygen) and 
different initial glucose concentrations (20, 40 and 60 g L-1). The viable cells were determined 
by serial dilution method and glucose concentration was determined by 3-5 dinitrosalicylic 
acid. The number of viable cells changed from 7.54 ± 0.04 to 7.77 ± 0.02 log of CFU mL-1 
when glucose increased from 20 to 60 g L-1, respectively. The aeration of the cultivation 
medium increased the number of viable cells from 7.78 ± 0.04 to 8.27 ± 0.04 log of CFU mL-
1 in the cultivation medium with 40 g L-1 glucose. The yeast biomass was ~3 times greater 
than 60 g L-1 glucose with aeration when compared to cultivation medium with 20 g L-1 
glucose without aeration. Thus, the glucose increase and the cultivation medium aeration 
increment S. boulardii production and viability. 
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RESUMO 
 
As células viáveis de Saccharomyces boulardii têm ação probiótica. Este estudo teve como 
objetivo avaliar o efeito da aeração na produção de células viáveis de S. boulardii em meio de 
cultivo líquido com diferentes concentrações iniciais de glicose. A levedura cresceu em meio 
de peptona dextrose com extrato de levedura com ou sem aeração (2 Lar min-1 para obter 30 
± 1% de oxigênio) e diferentes concentrações iniciais de glicose (20, 40 e 60 g L-1). As células 
viáveis foram determinadas pelo método de diluição em série e a concentração de glicose foi 
determinada por 3-5 ácido dinitrosalicílico. O número de células viáveis mudou de 7,54 ± 0,04 
para 7,77 ± 0,02 log de UFC UFC-1 quando a glicose aumentou de 20 para 60 g L-1, 
respectivamente. A aeração do meio de cultivo aumentou o número de células viáveis de 7,78 
± 0,04 para 8,27 ± 0,04 log de UFC UFC-1 no meio de cultivo com 40 g L-1 de glicose. A 
biomassa de levedura foi ~ 3 vezes maior que 60 g L-1 de glicose com aeração quando 
comparada ao meio de cultivo com 20 g L-1 de glicose sem aeração. Assim, o aumento da 
glicose e a aeração do meio de cultivo aumentam a produção e a viabilidade de S. boulardii. 
 
Palavras-chave: levedura, fungo, fermentação, cultivo, biomassa, UFC 
 
1 INTRODUCTION 
Probiotic microorganisms are non-pathogenic bacteria and yeasts that can provide 
several benefits to their hosts (De Vrese, 2008). Among these microorganisms, yeasts, more 
specifically Saccharomyces boulardii (current name Saccharomyces cerevisiae), can act 
against pathogens such as Clostridium difficile, Vibrio cholerae, Salmonella enterica, Shigella 
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spp and Escherichia coli (Czerucka & Rampal, 2002) and diarrhea associated with antibiotics 
(Mcfarland et al., 1993). The probiotic activity of this yeast is aggregated to the capacity to 
hinder the colonization of the intestinal mucosa by pathogenic agents, improve responses to 
the immunologic system, inhibit the action of pro-carcinogenic enzymes, and induce the action 
of enzymes that promote the absorption of benefic compounds to the host (Vandenplas, 2008). 
Moreover, this yeast is resistant to antibiotics, multiplies itself rapidly, and is easily eliminated 
by the host (Czerucka et al., 2007). 
For yeast cultivation, the carbon source, which composes almost 50% of the cells, is a 
nutrition demand and is fundamental in the synthesis of primary cell components of the cell 
metabolism with direct effect on the amount of biomass (Bailey & Ollis, 1986; Halasz & 
Lasztity, 1991; Quintero, 1993). Cultivation conditions such as aeration of the cultivation 
medium are essential to a quick and efficient cell development due to the increase of the 
energetically oxidative metabolic pathway (Alferone, 2004). 
Several strategies to improve dried yeast biomass production have been studied about 
glucose (Trigueiros et al., 2016) or aeration in the cultivation medium (Muller et al., 2007). 
However, there have been no reports on the relationship between viable yeast biomass 
produced in liquid cultivation with different initial glucose concentrations and aeration 
conditions. The production of viable cells is important to guarantee probiotic action. This 
action occurs with the fixation of viable cells to the intestine. Thus, it is paramount that the 
probiotics presents a great concentration of viable cells that go through the stomach barrier 
and reach the host’s intestine (Saad, 2006; Cook et al., 2012). Therefore, this study aimed to 
evaluate the effect of aeration on the production of S. boulardii viable cells in liquid cultivation 
medium with different initial glucose concentrations. 
 
2 MATERIALS AND METHODS 
2.1 MICROORGANISM 
Saccharomyces boulardii Seguela, Bastide & Massot, current name Saccharomyces 
cerevisiae (Desm.) Meyen 1838, CCT 4308, reference UFPEDA 1176 from the Tropical 
Culture Collection (Fundação André Tosello, Campinas, SP- Brazil) was utilized. Lyophilized 
yeast was transfer to an Erlenmeyer flask (250 mL) with 100 mL of yeast extract peptone 
dextrose (YEPD) cultivation medium prepared with 5 g L-1 yeast extract (Himedia®), 10 g 
L-1 meat peptone (Himedia®) and 20 g L-1 glucose (Merck®) and autoclaved at 121 °C for 
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15 min (Casal et al., 2004). The liquid cultivation medium was kept at 30 ± 2 °C for 24 h with 
agitation at 100 rpm. Next, a 10 mL aliquot was transferred to 90 mL YEPD in a new tube and 
incubated as previously described, and the procedure was repeated. The cultivation medium 
grown with yeast was utilized as inoculum for subsequent experiments. Part of that was 
transferred to an agar slant test tube with YEDP and 20 g L-1 agar (Himedia®), incubated at 
30 ± 2 ºC for 48 h and stored at 4 ºC. 
 
2.2YEAST BIOMASS CULTIVATION  
The yeast cultivation was carried out in liquid cultivation medium containing 5 g L-1 
yeast extract, 10 g L-1 meat peptone and glucose at the concentrations of 20, 40 and 60 g L-1, 
coded when without aeration as SA20G, SA40G and SA60G, respectively, and coded when 
with aeration as AE20G, AE40G and AE60G, respectively. In the treatments with aeration, 
the external air was inserted in the cultivation medium by an air compressor (2 L min-1 flow) 
connected to a sterile filtrating membrane (0.22 μm pore size) to obtain 30 ± 1% of oxygen. 
The amount of dissolved oxygen in the cultivation medium was verified by an oxygen meter 
(Instrutherm®). In each storing flask (500 mL), previously autoclaved at 121 °C for 15 min, 
270 mL of cultivation medium, inoculated with 30 mL of YEPD grown with yeast, was added 
and incubated at 30 ± 2 °C for 24 h with agitation at 100 rpm, with or without aeration. Each 
flask had a metal lid with a vent made of a silicon tube with cotton and another to withdraw 
samples that were autoclaved at 121 °C for 15 min. The treatments with aeration had a third 
silicon tube to insert air to the cultivation medium. The yeast biomass growth was analyzed 
by spectrophotometry (600 nm absorbance) every 2 h withdrawing 3 mL aliquot of each 
cultivation medium. The aliquots were analyzed in triplicate, and the arithmetic average and 
standard deviation were calculated. 
 
2.3  DETERMINATION OF GLUCOSE INTAKE 
Glucose intake was determined by 3-5 dinitrosalicylic (DNS) acid method from the 
standard glucose curve of 3 g L-1 (Miller, 1959). 
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2.4 DETERMINATION OF YEAST BIOMASS CONCENTRATION 
After 24 h of microbial growth, 40 mL aliquot of the cultivation medium containing yeast 
was filtered by a cellulose acetate membrane (0.45 μm pore size). The membrane was 
previously dried at 90 ºC, without air circulation, until reaching constant mass. The membrane 
with yeast biomass was filtered and dried at 90 ºC, without air circulation, until constant mass, 
and the dry yeast biomass concentration was determined according to Equation 1. 
                                       Equation (1) 
where X is the dry yeast biomass concentration in the cultivation medium (g L-1), mf  is the 
mass of filtrating mass with dry yeast (g), mm is the dry filtrating membrane mass (g) and V 
is the cultivation medium aliquot volume with filtered yeast (L). 
 
2.5 DETERMINATION OF YEAST VIABLE CELLS 
The number of yeast viable cells was determined by serial dilution method, with 
transfer of 1 mL of cultivation medium with the yeast to 9 mL 0.1% peptone water (Himedia®) 
at zero and 12 h after yeast inoculation. For each dilution, an aliquot of 0.1 mL was spread on 
the cultivation medium surface, dried in laminar flow chamber, and incubated at 30 ± 2 ºC for 
48 h to count colony-forming units (CFU) according to the spread plate method. Potato 
dextrose agar (PDA, Himedia®) was utilized as cultivation medium with addition of 10% tartar 
acid solution just before pouring PDA on a 90-mm-diameter Petri dish (Beuchat et al., 1990). 
All analyses were done in triplicate, the arithmetic average and standard deviation were 
calculated, and the significance compared by Scott-Knott test (p ≤ 0.05). 
 
3 RESULTS AND DISCUSSION 
The produced biomass and glucose concentration in the cultivation medium during 24 
h of cultivation are in Figure 1. Most glucose was consumed until 8 h of cultivation. However, 
the cultivation media with grater initial glucose concentrations (40 and 60 g L-1) presented 
depletion of this carbon source at 10 and 12 h, respectively. For cultivation medium with 20 
or 40 g L-1 glucose, aeration did not affect time for the depletion of this carbon source. On the 
other hand, for cultivation medium with 60 g L-1 glucose, aeration anticipated glucose 
depletion time in 2 h. Probably the greater glucose concentration avoided this confounding 
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variable and allowed that aeration had its effect isolated. Coincidentally, the beginning of the 
stationary phase of biomass production was between 10 and 12 h of cultivation, soon after 
glucose depletion (Fig. 1). 
SA20G 
 
(a) 
AE20G 
 
(d) 
SA40G 
 
(b) 
AE40G 
 
(e) 
SA60G 
 
(c) 
AE60G 
 
(f) 
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Figure 1. Concentration of Saccharomyces boulardii produced in liquid medium of yeast extract (5 g L-1), meat 
peptone (10 g L-1) added with different glucose concentrations, with or without aeration. (a) SA20G = 20 g L-1 
glucose without aeration; (b) SA40G = 40 g L-1 glucose without aeration; (c) SA60G = 60 g L-1 glucose without 
aeration; (d) AE20G = 20 g L-1 glucose with aeration; (e) AE40G = 40 g L-1 glucose with aeration; 
(f) AE60G = 60 g L-1 glucose with aeration. 
Regarding biomass production, the glucose increase in the cultivation medium 
promoted a raise of biomass production in all treatments. Biomass production, after 24 h, 
changed from 2.37 ± 0.27 g L-1 in the cultivation medium with 20 g L-1 glucose to 4.63 ± 
0.21 g L-1 glucose in the cultivation medium with 60 g L-1 glucose, respectively.  
Aeration also promoted biomass production increase in our study. The average of yeast 
biomass cultivated without aeration was 1.85 ± 0.49 g L-1, and with aeration it was 3.31 ± 
0.93 g L-1. However, the greatest biomass productions were obtained with a combination of 
high glucose concentration and aeration. Yeast production was approximately 3 times greater 
in AE60G compared to SA20G in 10 h cultivation (Fig. 1). 
After 24 h cultivation, the produced biomass was removed, dried and quantified. The 
biomass concentration values obtained for non-aerated cultivations were 2.37 ± 0.27 g L-1 for 
SA20G, 3.42 ± 0.13 g L-1 for SA40G, and 4.63 ± 0.21 g L-1 for SA60G. For aerated 
cultivations, the values for dry biomass production were 4.91 ± 0.88 g L-1 for AE20G, 5.84 ± 
0.56 g L-1 for AE40G and 6.56 ± 0.27 g L-1 for AE60G. Thus, these concentrations were 52 
and 75% greater than those estimated by optical density (Fig. 1). Despite the differences 
between real and estimated values, the tendency was kept, that is, the dry biomass was greater 
in the treatments with greater glucose concentrations and aeration. AE60G produced greater 
dry yeast biomass concentration at the end of the cultivation (6.56 ± 0.27 g L-1). 
The increase in glucose concentration from 20 to 60 g L-1 increased the number of 
viable cells from 7.54 ± 0.04 to 7.77 ± 0.02 log of CFU m L-1, respectively (Table 1). 
However, again the concentration of high glucose concentration and aeration promoted the 
greatest values in the number of viable cells. The maximum value of viable cells was 8.30 ± 
0.06 log of CFU mL-1 in the culture medium with aeration and 60 g L-1 glucose (Table 1). 
Our results showed that glucose induced biomass production and increased yeast viability until 
cell growth inhibition by the substrate. This inhibition condition by the substrate has already 
been reported (Borzani, 2006).  
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Table 1. Colony-forming units (CFU) of yeast produced in cultivation medium with different initial glucose 
concentrations with or without aeration for 12 h 
Treatment code* Glucose 
concentration 
(g L-1) 
Cultivation aeration Yeast (log of CFU 
mL-1) 
SA20G 20 without 7.54 ± 0.04c 
SA40G 40 without 7.78 ± 0.04b 
SA60G 60 without 7.77 ± 0.02b 
AE20G 20 with 8.32 ± 0.06a 
AE40G 40 with 8.27 ± 0.04a 
AE60G 60 with 8.30 ± 0.06a 
In our study there was an increase in the production and cell viability of S. boulardii 
when grown in medium with 30% of dissolved oxygen. Jouhten and co-workers (2008) 
observed that when the dissolved oxygen in S. cerevisiae cultivation increases from 0 to 21%, 
the biomass production was incremented around 5 fold. In our study 30% of dissolved oxygen 
promoted (in average) an increase of 70% in the biomass production and 7% in cell viability.  
Under low or no aeration conditions only glycolysis takes place and as a result there is 
a smaller energy production by yeasts. For a greater energy production, the complete 
respiratory cycle and total glucose oxidation need to occur, which demands the presence of 
oxygen (Fiechter, 1981). Moreover, glycolysis releases secondary compounds such as organic 
acids and alcohol that alter pH of the medium and reduce cell viability (Hopp & Hansford, 
1984). 
 
4 CONCLUSION 
The aeration and glucose concentration increment in the cultivation medium increase 
S. boulardii biomass production and cell viability. The stationary phase of the cell growth 
occurs between 10 and 12 h of cultivation. The maximum production occurs at 10 h of 
cultivation in the culture medium with 30% of dissolved oxygen and 60 g L-1 glucose. 
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